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CROSS-REFERENCE 

This patent application claims priority from U.S. Provisional Patent Application Serial Number 
60/418,692, filed on October 15, 2002. This application is also related to Ihtemational Patent 
Application Serial Number PCT/US03/03742, filed on February 2, 2003. 
BACKGROUND 

5 The present disclosure relates generally to voice and data commimications and, more 

particularly, to a wireless system and method for minimizing call setup delay for a mobile call occurring 
across one or more wireless networks. 

With the ever-evolving technology in the wireless industry, new wireless generations are being 
standardized to provide new and broader set of wireless services to end-users. With this natural 
10. evolution, the definition and deployment of new network architectures and technologies leads to a 

coexistence of multiple wireless networks. These networks may be based on different technologies, and 
some networks may have the capability to support more services than others. Jn general, older networks 
may be unable to provide the same features or support the same capacity as may be provided by newer 
networks. 

1 5 Within this changing environment, a subscriber in a given network may decide to change his 

subscription to another network based on a different technology. Such a change may be based on any 
number of reasons, such as to gain access to new service features, better service quality, or a wider 
coverage area at the national and international level. However, problems may arise when changing a 
subscription to another network based on a different technology. For example, the subscriber may be 

20 assigned a new mobile phone number tiiat may be registered in the new network, and may lose his 
previous numbCT, making it difficult for people who have the original number to reach the subscriber. 
Mobile number portability is a concept used in wireless systems to resolve the above problem and to 
maintain the association of the original number with the subscriber after the subscriber changes 
subscriptions to a different network owned by the same network operator but based on a different 

25 technology. While operating both an older network and a new network, one of the concerns for a 
network operator is how to efficiently introduce mobile number portability (MNP) and support calls 
across different network technologies without changing service quality and without introducing relatively 
drastic changes to their existing network architecture and infirastructure. 

Accordingly, what is needed is a method and system to minimize call setup delay in a 

30 telecommunications environment. It is desired to accomplish this while reducing the nimiber of queries 
to a number portability database server, thereby reducing the service cost associated with such queries. It 
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is also desired to minimize messaging between network entities. In addition, it is desired to avoid 
degradation in the quality and reliability of services provided to subscribers, and to accomplish this 
without introducing drastic changes to existing networks and their network entities. 
SUMMARY 

5 In one embodiment, a method for minimizing call setup delay for a call in a communication 

network is provided, wherein the communication network includes a central node connected to a number 
portability database. The method comprises triggering a first query to the central node for information 
for routing the call when a request for setting up the call is received by a switching xmit. A second query 
is triggered from the central node to a home location register for the routing information in order to set 

10 up the call, and a third query from the central node to the number portability database for the routing 
information is triggered if the second query fails to provide the routing information. 
In another embodiment, a method for minimizing call setup delay in a telecommunications network is 
provided. The network includes first and second tables, wherein the first table contains a plurality of 
identifiers and an associated location routing number (LRN) for each identifier, and the second table 

15 contains a plurality of identifiers and an associated home location register (HLR) for each identifier. The 
method comprises determintag whether an identifier associated with a mobile device is listed in the first 
table and sending a query to a network node corresponding to the LRN associated with the identifier if 
the identifier is listed in the first table. If the identifier is not listed in the first table, the method 
determines whether the identifier is listed in the second table. If the identifier is listed in the second 

20 table, a query is sent to the HLR associated with the identifier. 

In yet another embodiment, a telecommunications system adapted for minimizing call setup 
delay for a call associated with a first mobile station identifier is provided. The system comprises a 
plurality of home location registers (HLRsX a central node in communication with the HLRs, and first 
and second tables accessible to the central node. The first table contains a plurality of mobile station 

25 identifiers and associated location routing numbers, and the second table contains a plurality of mobile 
station identifiers, wherein each identifier is associated with one of the HLRs, The system also includes 
instructions adapted for execution by the central node. The instructions include instructions for 
searching the first table for a mobile station identifier that matches the first mobile station identifier and 
sending a query to a network entity identified by the associated location routing nvimber if a match is 

30 found, and instructions for searching the second table for a mobile station identifier that matches the first 
mobile station identifier and sending a query to the associated HLR if a match is foimd. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates an exenqjlary network architecture for providing mobile number portability 
between a TDMA/IS-41 and a GSM/UMTS network. 

35 Fig. 2 illustrates an exemplary service operation using number portability within the network 
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architecture of Fig. 1 where a PSTN number is dialing a GSM mobile that has a TDMA ported number. 

Fig. 3 illustrates a Network Messaging and Routing Device (NMRD) implemented within an 
exemplary network architecture similar to that of Fig. 1 . 

Fig, 4 illustrates an exemplary service operation using number portabihty within the network 
5 architecture of Fig. 3. 

Fig. 5 illustrates the network architecture of Fig. 3 having a number portability database (NPDB) 
as an independent network entity. 

Fig. 6 illustrates an exemplary service operation using number portability within the network 
architecture of Fig. 5. 

10 Fig. 7 is a flow chart illustrating a first portion of an exemplary method that may be executed by 

the NMRD during the service operation of Fig. 6. 



15 WRITTEN DESCRIPTION 

The present disclosure relates generally to voice and data communications and, more 
particularly, to a wireless system and method for minimizing call setup delay for a mobile call occurring 
across one or more wireless networks. It is understood, however, that the following disclosure provides 
many different embodiments or examples. Specific examples of components and arrangements are 

20 described below to simplify the present disclosure. These are, of course, merely examples and are not 
intended to be lirhiting. In addition, the present disclosure may repeat reference numerals and/or letters 
in the various examples. This repetition is for the purpose of simplicity and clarity and does not in itself 
dictate a relationship between the various embodiments and/or configurations discussed. 
For ease of reference, various acronyms are used are used in the present disclosure, the definitions of 

25 which are listed below: 

ANM ANswer Message 

ANSI-4 1 American National Standards Institute - Cellular Radio Teleconmiunications Intersystem 



Fig. 8 is a flow chart illustrating a second portion of the method of Fig. 7. 
Fig. 9 is a flow chart illustrating a third portion of the method of Fig. 7. 
Fig. 10 is a flow chart illustrating a fourth portion of the method of Fig. 7. 



Operations 
BSS 



Base Station System 
Dialled Number 



30 



DN 



GMSC 



Gateway MSG 

Global System for Mobile communications 
Home Location Register 
Initial Address Message 

Wireless Network conforming to the IS41 standard 



GSM 



HLR 



lAM 



35 



IS41 
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ISDN Integrated Services Digital Network 

ISUP ISDN User Part (of SS7) 

LocReqLocation Request 

LocReqResp Location Request Response 

LRN Location Routing Number 

MC Message Center 

MSG Mobile Switching Center 

MSISDN Mobile Station ISDN Number 

MSRN Mobile Switching Routing Number 

MTX Mobile Telephone Exchange - A term used to describe a large exchange used within a 

cellular mobile system and connected to a PSTN. 

PRN Provide Routing Number 

PRNResp PRN Response 

PSTN Public Switch Telephone Network 

SMS Short Message Service 

SMSC Short Message Service Centre 

SRI Send Routing Information 

SRIResp SRI Response 

SS7 Signaling System No.7 

XI Digital communication line that uses time division multiplexing with an overall 

transmission rate of 1 .544 milUon bits per second. 

UMTS Universal Mobile Telecommunications System 

USSD Unstructured Supplementary Service Data 



Referring to Fig. 1, a network architecture 100 is illustrated for a current solution for providing 
mobile number portability service in two communication networks based on two different generations of 
network technologies. The two networks illustrated are an IS41/TDMA network 102 and a GSM/UMTS 
network 104. It is noted that a variety of protocols may be utilized to enable conmiunications to occur 
through various network components. For example, some communications may use Signaling System 7 
Integrated Services Digital Network (ISDN) User Part (known collectively as "SS7 ISUP") or Internet 
Protocol (IP), while others may utilize GPRS Tunnehng Protocol U (GTP-U) for user data and GTP-C 
for signaling. 

A Tl communications link 105 connects a mobile telephone exchange ("MTX") 106 in the 
TDMA network 102 to a Public Switched Telephone Network ("PSTN") 108 using an SS7 protocol. As 
is well known in the art, the MTX 106 is in communication with a BSS 1 10 via a link 1 12 which also 
uses the SS7 protocol. The BSS 110 may conMnunicate with a number of mobile stations, such as mobile 
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station 1 14, through a radio link 116. The MTX 106 is also in communication with a Home Location 
Register ("HLR") 1 18 via a communications link 120 using an IS-41 protocol. The MTX 106 also 
communicates with a Gateway Mobile Switching Center ("GMSC") 122 over a communications link 124 
using the SS7 protocol. 

5 A GMSC 122 is part of the GSM network 104. The GMSC 122 is in communication with a 

PSTN 124 (which could be identical to the PSTN 108) via a Tl link 126 using the SS7 protocol. The 
GMSC 122 is in communication with an HLR 128 via a communications link 130 using a MAP protocol. 
The GMSC 122 is also in communication with a Mobile Switching Center ("MSC") 132 via a link 134 
using the SS7 protocol. The MSG 132 is in communication with a BSS 136 via a communications link 

10 138 using the SS7 protocol. The BSS 136 may be in communication with a number of mobile stations, 
such as mobile station 140 via a radio link 142. In this example, the MSG 132 is also in communication 
with the HLR 128 via a communications link 144 using the MAP protocol. 

in this illustration, each network has a Number Portability DataBase CTsfPDB") 146 and 148 
respectively, where all the mobiles with ported numbers are registered. The NPDB 146 of the TDMA 

15 network 102 is in communication with the MTX 106 via a communications link 150. Similarly, the 

NPDB 148 of the GSM network 104 is in communication with the MSG 132 via a communications link 
152. A ported mobile number is a mobile number that is no longer subscribed to a first (original) 
network, but has been moved (subscribed) to a second (new) network. The new network may belong to 
the same network operator as the original network, but may be based on a different technology. 

20 Alternatively, the new network may belong to a different network operator, and may be based on either 
the same technology or a different technology than the original network. For example, the NPDB 146 in 
the TDMA network 102 contains a list of mobile numbers which used to be TDMA subscribers and have 
now become GSM subscribers. These subscribers, however, are registered with the mobile phone 
number used in the TDMA network 102. Similarly, the NPDB 148 of the GSM network 104 contains a 

25 Ust of mobile numbers that used to be GSM subscribers, but have now become TDMA subscribers. 

Referring now to Fig. 2, an exemplary operation is illustrated where a caller CTarty A") from the PSTN 
108 calls the mobile 140 (which has a ported number from the TDMA network 102) in the GSM network 
104. In step 1, the PSTN caller Party A sends an Initial Address Message (lAM) to the PSTN network 
108, which forwards the lAM to the MTX 106 in the TDMA network 102. Given that the mobile number 

30 has not changed after moving its subscription to the GSM network 104, any incoming calls from the 
PSTN 108 will be routed to the MTX 106 located in the TDMA network 102. 

In step 2, the MTX 106 will query the HLR 1 18 for routing information by sending a Request, 
such as a Location Request (LocReq) message, to the HLR 1 1 8. hi response, the HLR 1 1 8 in step 3 
sends a Location Request Response (LocReqResp) message to the MTX 106 indicating that the dialed 

35 number is a ported number to another network. The MTX 106 then sends a Query for Location message 
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in step 4 to the NPDB 146 requesting the location and identity of a Gateway MSG (GMSG) that is 
serving the mobile 140 in the new network. In step 5, the NPDB 146 sends the address of the GMSC in 
the new GSM network (e.g., GMSC 122) to the MTX 106. The MTX 106 then forwards the lAM 
message to the GMSC 122 in step 6. The GMSC 122 receives the lAM message, but the lAM message 
contains no routing information to indicate which MSC should receive the call. As is known in the art, 
this routing information may be stored and maintained at the HLR 128. 

In step 7, the GMSC 122 sends a Send Routing Information (SRI) message to the HLR 128 
requesting the routing number and address of the MSC serving the mobile 140. In step 8, the HLR 128 
sends a Provide Routing Number (PRN) message to the MSC 132, which is serving the mobile 140. The 
PRN message requests the routing number of the MSC 132. In step 9, the MSC 132 retums a Mobile 
Switching Routing Number (MSRN) to the HLR 128, which then forwards the routing number to the 
GMSC 122 in an SRI Response message (step 10). In step 1 1, the GMSC 122 forwards the lAM 
message to the MSC 132. At this point, the MSC 132 takes control and contacts the mobile 140 in its 
serving area via the ESS 136. The MSC 132 connects the mobile 140 with the PSTN calling Party A via 
the GMSC 122 in the GSM network and the MTX 106 in the TDMA network. 

In the above described operation, it can be seen that a total of eleven messages are needed 
between core network entities in order for the call to reach the MSC serving the mobile 140 in the GSM 
network 104. In addition, changes and special provisioning to the TDMA HLR 118 may be needed in 
order to keep track of all the mobile numbers that have moved to another network. For example, this 
may require ins^tion of a record noting that the called mobile is no longer a TDMA subscriber and is 
now a ported number to the GSM network. However, such a record may be an undesirable use of 
resources at the HLR 118, since network operators may want to remove all records from the HLR 1 1 8 for 
subscribers that are no longer subscribers of the network of that HLR 118. 

Another disadvantage of such operation is that two independent NPDB entities may be needed, 
one for each network. This may cause a wireless service provider to incur higher operational and 
maintenance costs and longer deployment time for the nimiber portabilily service. An additional 
disadvantage with the above operation is that the GMSC 122 in the GSM network is involved in the call 
both during the call setup procedure and after the call is setup, which removes a communication port 
from availability. Similar disadvantages and restrictions may occur in other scenarios, such as when a 
PSTN user calls a mobile in the TDMA network that has a ported number from the GSM network. 
Referring now to Fig. 3, an alternative network architecture 300 for mobile nxmiber portabilily is 
illustrated. The network architecture of Fig. 3 and methods for use therewith are discussed in greater 
detail in International Patent Application Serial Number PCT/US03/03742, filed on February 2, 2003, 
entitled **Method and System for Providing Mobile Nimiber Portability Between Different Wireless 
Networks of Different Technologies," and which is incorporated herein by reference as if reproduced in 
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its entirety. In this illustration, the two networks are an IS41/TDMA network 302 and a GSM/UMTS 
network 304. 

A Tl communications link 305 connects a MTX 306 in the TDMA network 302 to a PSTN 308 
using the SS7 protocol. As is well known in the art, the MTX 306 may be in commxmication witii a BSS 
5 310 via a link 312 that also uses the SS7 protocol. The BSS 310 may communicate with a number of 
mobile stations, such as mobile station 314, through a radio link 316. The MTX 306 is also in 
communication with a HLR 318 via a communications link 320 using an IS-41 protocol. The MTX 306 
communicates with a GMSC 322 over a communications link 324 using the SS7 protocol. 

The GMSC 322 is part of the GSM network 304. The GMSC 322 is in communication with a 

10 PSTN 324 (which could be identical to the PSTN 308) via a Tl link 326 using the SS7 protocol. The 

GMSC 322 is in communication with an HLR 328 via a communications link 330 using a MAP protocol. 
The GMSC 322 is also in communication with a MSC 332 via a link 334 using the SS7 protocol. The 
MSC 132 may be in communication with a BSS 336 via a communications link 338 using the SS7 
protocol. The BSS 336 may be in communication with a number of mobile stations, such as mobile 

1 5 station 340, via a radio link 342. Jn this example, the MSC 332 is also in conmiunication with the HLR 
328 via a communications link 344 using the MAP protocol. 

The network architecture illustrated in Fig. 3 introduces a Network Messaging and Routing 
Device ('TSfMRD") 350. The NMRD 350 may be configured to communicate with a variety of network 
elements in both the TDMA network 302 and the GSM network 304 using the appropriate protocols. For 

20 instance, on the TDMA network side, the NMRD 350 may communicate with the HLR 3 18 via a link 352 
using the IS-41 protocol. The NMRD 350 may communicate with a message center C^MC") 354 via a 
link 356 using the IS-41 protocol. The NMRD 350 may also communicate with the MTX 306 via a link 
358 using the SS7 protocol. 

On the GSM network side, the NMRD 350 may communicate with the GMSC 322 via a 

25 conamunications link 360 using the SS7 protocol. The NMRD 350 may communicate with the MSC 332 
via a communications link 362 using the SS7 protocol. The NMRD 350 may communicate with the HLR 
328 via a communications link 364 using the MAP protocol. Additionally, the NMRD 350 may be 
configured to communicate with the short message service gateway mobile switching center ("SMS- 
GMSC") 366 via a communication link 368. The SMS-GMSC 366 communicates wife a short message 

30 service center ("SMSC") 370 via a communication link 372 in a manner well known in the art. 
Wh&a used in the above network, the NMRD 350 acts as a TDMA/IS-41 to GSM MAP signaling 
gateway that translates the signaling messages fi-om one protocol to another protocol (e.g., translates 
between protocols used in different wireless network technologies). In addition, the NMRD 350 may 
maintain a database (not shown) that keeps track of all mobile numbers that are ported from one network 

3 5 technology to another. 
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Referring now to Fig. 4, an exemplary network operation of the network architecture 300. In this 
example, a "Party A" from the PSTN 308 is calling the mobile station 340 operating in the GSM network 
304 and having a portable number from the TDMA network 302. 

In step 1, the PSTN caller Party A sends an initiation message, such as an lAM, to the PSTN 
5 308, which in turn, forwards the message to the MTX 306 in the TDMA network 302. Given tiiat the 
mobile number has not changed after the user moved the subscription to the GSM network 304, any 
incoming calls from the PSTN 308 may be routed to the MTX 306 located in the TDMA network 302 in 
a manner well known in the art. In step 2, the MTX 306 queries the NMRD 350 for routing information 
by sending a query message, such as LOCREQ message. After accessing the appropriate database, the 

10 NMRD 350 may determine that the called number is a mobile that was a TDMA network 302 subscriber, 
but has become a GSM network 304 subscriber. In an attempt to find which MSG is currently serving 
the mobile 340 in the GSM network 304, the NMRD 350 queries the HLR 328 in the GSM network 304 
in step 3. For instance, the NMRD 350 may send a SRI message to the HLR 328 requesting the routing 
number and address for the MSG that is currently serving the mobile station 340. In step 4, the HLR 328 

15 sends a PRN message to the MSG 332 asking for its routing number. In step 5, the MSG 332 sends a 
response, such as a PRN Response containing a MSRN to ttie HLR 328, which forwards the routing 
number to the NMRD 350 in a SRI Response message (step 6). In step 7, the NMRD 350 sends a 
response to the MTX 306, such as a LocReq Response message, which provides the routing information 
and the address of the MSG 332 in the GSM network 304. 

20 Once the MTX 306 has the routing information, the MTX 306 may forward the lAM message to 

the MSG 332 in the GSM network 304 (step 8). At this point, the MSG 332 takes control and contacts the 
mobile 304 in its serving area in a manner well known in the art. The MSG 332 may then coimect the 
mobile station 340 with ttie PSTN caller Party A via the MTX 306 in tiie TDMA network 302. 
In comparison to the operation presented with reference to Figs. 1 and 2, the above embodiment uses 

25 only eight messages between the core network entities, instead of the eleven needed previously. Fewer 
messages generally leads to a shorter call setup delay. In addition, flie above embodiment does not use 
the HLR 3 18 in tiie TDMA network 302 or the GMSC 322 in the GSM network 304 to setup the call. 
Accordingly, unlike the operation presented in Figs. 1 and 2, the present embodiment does not require 
HLR provisioning. 

30 Referring now to Fig. 5, a network architecture 500 illustrates the network architecture 300 of 

Fig. 3 with a Central Node 502 connected to an NPDB server 504 provided as an independent network 
entity. Networks supporting mobile number portability that implement such a standalone NPDB server 
may incxir a charge on every query sent to that server. 

In the present example, the Central Node 502 (which may be similar or identical to the NMRD 

35 . 350 of Fig. 3) serves as a network entity that links the TDMA network 302 and the GSM network 304 to 
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provide call services for mobiles operating in both networks. As the network architecture 500 should be 



502 need to be handled appropriately so that the call can be forwarded to the network node that will 
handle the next part of the end-to-end call setup procedure. Accordingly, the Central Node 502 may need 
5 the ability to make certain decisions. For example, the Central Node may need to determine which HLR 
(e.g., the HLR 3 1 8 or the HLR 328) to query for mobile information, and to which network the mobile 



relatively quickly to minimize the call setup delay. 

To determine which HLR should be queried to obtain the mobile information, one possible 

10 solution is for the Central Node to randomly select and query a HLR. If a response message firom the 
selected HLR indicates that tiie mobile in question is unknown, the Central Node will query the second 
HLR, which should respond with the mobile information. This solution, however, may increase the call 
setup delay in cases where multiple HLRs are queried, and also increases traffic on the network, which 
may lead to congestion as the number of call requests increases. 

15 To determine the network to which the mobile belongs, another possible solution is for the 

Central Node 502 to query the standalone NPDB server 504 for eveiy call request. The NPDB server's 
response would include information on the next network entity needed for the call setup procedure. 
However, this solution is relatively expensive given that each query to the NPDB server 504 may incur a 
charge to the network operator. In addition, this solution introduces additional call setup delay because 

20 of the time needed to query the NPDB server 504 and wait for a response. 

In the present example, because the Central Node 502 is connected to the NPDB server 504, all 
calls arriving at the MTX 306, the MSG 332, and the GMSC 322 may trigger a query to the Central Node 
502 for information on routing the call. Depending on the called number, the Central Node 502 may 
execute a procedure to identify and query the appropriate HLR (e.g., the HLR 3 1 8 or the HLR 328) and 

25 the NPDB 504, if needed. The Central Node 502 would then reply to the requesting MTX 306, MSC 
332, or GMSC 322 with the appropriate call routing information. 

To minimize the call setup delay caused by multiple queries by the Central Node 502, two tables 
may be implemented in the Central Node 502: a LRN_Table and a HLR_Table. As depicted below in 
Table 1, the LRN_Table presets a mapping between a MSISDN and the corresponding LRN. The LRN 

30 may be used with a number translation schema to identify the destination network entity feat will handle 
the next phase in the end-to-end call setup procedure. 
LRN^Table 



able to handle a mobile call regardless of the network technology, all queries arriving at the Central Node 



number belongs. Such information needs to be obtained on a per call basis, and it should be obtained 
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The HLRTable (Table 2, below) identifies which HLR type (e.g., GSM or TDMA) should be queried 
for calls related to a given mobile number. The indication of the HLR type is accomplished with the use 
of a flag set to either "ON" and "OFF" in the appropriate column. For example, when the flag is set to 
"ON" in the GSM HLR column, the GSM HLR should be queried for mobile information and status. 
5 HLR^Table 



Mobile 


GSM HLR 


TDMA HLR 


Number 


(flag) 


(flag) 



The LRN_Table and the HLR_Table may be created or populated in real-time and may contain cached 
. information that is updated dynamically based on the response received from the NPDB server 502 and 
the queried HLR. The LRN_Table and the HLR__Table may originally be empty (e.g., imtil responses are 

10 received by the Central Node 502), or entries may be provisioned for mobile numbers for which the 
mapping to a LRN and HLR type is known. As more responses are received by the Central Node 502, 
new entries may be dynamically added to the LRN_Table and the HLR_Table. 

Referring now to Fig. 6, an exemplary service operation is illustrated using the Central Node 502 
of Fig. 5, where the NPDB server 504 is an independent network entity. The current operation involves a 

1 5 PSTN user "Party A" dialmg the GSM mobile 340 that has a TDMA ported number. However, as will be 
described in greater detail with respect to Figs. 7-10, between the receipt of a "LOCREQ" message by 
the Central Node 502 in step 2, and the sending of a "locreq" message by the Central Node 502 in step 7, 
a method is executed by the Central Node. The method may minimize the time spent to move to the next 
step in an end-to-end call setup procedure, which minimizes call setup delay, reduces service costs for 

20 NPDB queries, and reduces traffic and congestion on the network. In the present example, the MSISDN . 
to HLR type mapping (Table 2) exists in the HLRJTable. It is understood that, if this were not the case, 
the Central Node woxild query the NPDB server 504 before querying the HLR. Accordingly, the method 
may save a query to the NPDB server 504. 

Referring How to Figs. 7-10, in one embodiment, an exemplary method 700 may be executed 

25 using the Central Node 502 of iFig. 5 to minimize call setup delay in networks such as the network 
architecture 500. The method 700 may be executed at different points in a call setup process. As 
described above, in the present example, the method 700 is executed between the "LOCREQ" message 
(step 2) and the "locreq" message (step 7). 

The method 700 begins m step 702 when a **LOCREQ" message is received (e.g., step 2 of Fig. 

30 6) by the Central Node 502. In step 704, a determination is made as to whether the received message is a 
request for SMS. If it is a request for SMS, the method 700 proceeds to step 706, where a determination 
is made as to whether the MSISDN is listed in the LRN_Table (Table 1, above). If the received message 
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is not for SMS (step 704) or if the MSISDN is not listed in the LRNJTable (step 706), the method 700 
moves to step 708, where a determination is made as to whether the MSISDN is listed in the Central 
Node's HLR_ Table (Table 2, above). If the MSISDN is Usted in the HLRTable, a query is sent the 
HLR listed in the HLR_Table that has its flag set to ON in step 710. The method 700 then continues to 
5 the steps illustrated in Fig. 9, which will be described in greater detail below. If the MSISDN is not 
listed in the HLR_Table (step 708), a query is sent the NPDB server 504 in step 712. The method 700 
then continues to the steps illustrated in Fig. 10, which will be described in greater detail below. 
Returning to steps 704 and 706, if the received message is for SMS and the MSISDN is listed in the 
LRNJTable, the method 700 continues to step 714, where a query is sent to a network node 

1 0 corresponding to the LRN. 

With additional reference to Fig. 8, after the query is sent to the network node corresponding to 
the LRN in step 714, a determination is made in step 716 as to whether the response from the network 
node indicates an xmknown subscriber. If the determination indicates that the subscriber is known, the 
method 700 continues to step 718 and proceeds with a call setup procedure. The method 700 then ends. 

15 However, if tiie determination indicates that the subscriber is unknown, the method 700 continues to step 
720, where the LRN entry is deleted from the LRNJTable. The method 700 then continues to step 722, 
where a determination is made as to whether the MSISDN is listed in the HLR_Table. If the MSISDN is 
not listed, a query is sent the NPDB server 504 in step 724. The method 700 then continues to the steps 
illustrated in Fig. 10, which will be described in greater detail below. If the MSISDN is listed, a query is 

20 sent the HLR listed in the HLR_Table that has its flag set to ON in step 726. 

With additional reference to Fig. 9, if the HLR response to the query of step 726 indicates that 
the subscriber is known (as determined in step 728), the method 700 continues to step 730 and proceeds 
with a call setup procedure. The method 700 then ends. However, if the response indicates that the 
subscriber is unknown, the method 700 continues to step 732, where the flag for the queried HLR is set 

25 to "OFF" in the HLR_Table. The method 700 then moves to step 734, where a determination is made as 
to whether other HLRs that have not yet been queried exist in the HLR_Table. If one or more HLRs 
have not been queried, a query is sent to another HLR listed in the HLRJTable in step 736. If the HLR 
response to the query of step 736 indicates that the subscriber is known (as determined in step 738), the 
flag associated with the HLR is set to "ON" in the HLRJTable, and the method 700 proceeds with the 

30 call setup procedure in step 730. The method 700 then ends. However, if Ihe response indicates that the 
subscriber is unknown (as determined in step 738), the method 700 returns to step 734. This cycle (steps 
734, 736, 740) may continue until either each listed HLR is queried or until one of the HLRs responses 
indicates that the subscriber is known. If the determination in step 734 indicates that all the HLRs have 
been queried, the method 700 continues to step 742, where a query is sent to the NPDB server 504. 

35 With additional reference to Fig. 10, a determination is made in step 744 as to whether the NPDB 
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response to flie query of step 742 indicates that the subscriber is known. Kthe subscriber is unknown, an 
error message is returned in step 746 to the network entity that has requested the call and the method 700 
ends. If the subscriber is known, a query is sent to the network entity corresponding to the LRN received 
from the NPDB server 504 in step 748. If the response to the query indicates that the subscriber is not 
5 valid (as determined in step 750), an error message is sent in step 746. If the response indicates that the 
subscriber is valid, a hew entry comprising the mobile number and the LRN is inserted into the 
LRNJTable in step 752. The method 700 then proceeds with the call setup procedure in step 754 before 
ending. 

In comparison to the other solutions discussed earlier, the solution presented by the exemplary 

10 method and system of Figs. 5-10 uses fewer messages and queries to the NPDB server in order for the 
Central Node to proceed with the call setup. This generally leads to a shorter end-to-end call setup delay. 
The present disclosure uses several examples. It is understood, however, that the examples are not 
intended to be limiting, but are used to describe exemplary embodiments of architectures and operation. 
For instance, although TDMA/IS41 and GSM networks are used for purposes of illustration, the 

1 5 disclosure may be applied to UMTS, CDMA, and other wireless networks technologies. Additionally, 
alfhougji two networks are used for purposes of illiistration, the present disclosure may be applied to 
more than two networks. For instance, the disclosure may be applied to a scenario where three networks 
are based on tiiree different technologies, and a mobile has a ported number from all three networks. In 
addition, even though voice and SMS are used for purposes of exanq)le, it is understood that the present 

20 disclosure may also be applied to other services, such as Unstructured Supplementary Service Data 
(USSD) services. Furthermore, although the Central Node is shown connected to one MSG, GMSG, 
MTX and HLR, the Central Node liiay be connected to multiple MSG, GMSC, MTX, and HLR entities. 
In addition, the present disclosure may be applied to mobiles that do not have ported numbers from 
another network. It is also understood that the Central Node may be implemented using software and/or 

25 hardware. 

Accordingly, while the disclosure has been particularly shown and described with reference to 
embodiments thereof, it will be xmderstood by those skilled in the art that various changes in form and 
detail may be made therein without departing from the spirit and scope of the disclosure. Therefore, it is 
understood that several modifications, changes and substitutions are intended in the foregoing disclosure 
30 and in some instances, some features of the disclosure may be employed witihout a corresponding use of 
other features. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
maimer consistent with the scope of the disclosure. 



